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Infrarad scanning techniques at 22 microns were developed
and applied to mapping of the Lunar surface, in corder to determine
nighﬁtime Lunar temperatures. Tuis work was carried out utilizing
the 28-inch telescope at the Catalina Observatory. The data were
recorded in the form of raster scans which could readily be
digitized and further analyzed. Analyses of the data were
carried out by Mr. Wendell Mendell at the Manned Spececraft
Center, The results of this analysis are given in a laster's
thesis submitted to Rice University in Houston; Texas by Mr.
Mendell. TIn addition, Mendell and Low* have published some of
this material in the attached rgprint. As e result of this progran,
it became clear that the infrared scanning technigue is a powerful
tool for studying the thermo-physical properties of the Lunar
surface. The infrared scanning radiométgr éxperiment on Apollo 1T
was a direct outgrowth of this work.
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#"Tow Resolution Differsntial Drift Scans of the Moon at 22 lMicrons',
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Differential drift scans were made acrows the 3-day-old moon ai a waveleugih of 22 4 with
a beamwidth of 2.4 are rain. Measured cold-limb brightness temperatures ranged from 102°K
in the equatorial region to 84°I in the svuthers puL«l regions, Certain seans woere processod
to reveal the temperature mstubuuon from the cold limb to the sunvise terminator. The
poﬂ}on of the lunar ‘cooling curve’ that was obtained by this nacthod agrees well with the
portion measured by previous lovestigators who made iafrared scans from the sunset termina-
tor into unilluminated regions.
InTRODUCTION INngrsumeNt Discussion
Wesselink [1948] scived the lnuor-surfice Dilfereniand vilt seans across the 3-day-old
thermal problem using the one-dimensional heat  moon were made o December 22, 1968, fram
equation with the assumption that ihe thermal  the Cataiina Mouitaios ouiside Tueson, Avi-
concuctivity %, the bulk density p, and the zona, The detecior, a low-temperature geyman-
specific heat ¢ are cach constant. The solution W bedometer oporated ab 271 [ Low, 1901 ]
contains the single thermal parameter y == was used at the focus of a 12-iueh (db‘t‘ﬂ"dul
(kpe) . A choiee of ¥ for the mooxn, bused on icleszope. An wterfcrence jilter with a speetral
infrared data taken during a lunation, ig stropgly  band width of 17 1o 25 p aud with au eflective
dependent on lunar nighttime weasareraents  wavelength of 22 4 was placed m {vous of the
[Krotikov and Shchuko, 1963, Although recenn  deteclor. The telescope was pointed by meaus of
work on therraal models inveiving radiative an altazmwth mouciivg, aund Jocation of the
transport of heat [e.g., Winier and Saari, 10681  heains on the 1woon was achieved with a bore-
demonstrates the inadequacy of the homogenous  sighted gmne teieseope. A large throughput of
model, the parameter v is still useful in deserib- 2.8 X 107 eor®-sler was obminmi and the beam-
ing a lupar nighttime eoobng ewrve . which  width was measured te be 2.4 are o,
the very low teraperatuve diminishes ihe role Radiation mr::m:nb o the detector was
played by radiation between sol particles. chopped by  raptdly moving  the sceondary
To obtain a cooling curve, investigators have  wirrer in the Casscgrain opties between two
made seans across the sunset termminator into  fised positicus. The :-);_:uaks from the two posi-
the wnilluminated portion of the moon [Mwroy  gons were substrrcied clecironically, and the
and Wildey, 1964; Shorthill and Saori, 1965,  (ifference was araplified. The fixed positions at
Wildey ef ol., 1967]. An estrapolation of some  gither ond of the throw of the mirror corre-
of some of these data [Saari, 1064] suggests sponded 10 two beums separated by 5.3 ore
equatoris] antisolar point temperature of 104°K.  min, Background noise originating from the
Low [1965] measured a mean temperature of atmosphere and the telescope ophies is nmuv
90°K for the cold limb just prior to new mooit.  sypecled | by this technique.
i the two bearas are scanned colinearly
across the junar disk, the instruanent output is
Copyright @ 1970 by the American Geophysical Unisp. direotly proportionsi 1o the difference in fiux
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fig. 1. Four differential drift curves of Venus
taken near transit as the planet passed through
the two beams.

emitted by the two areas eovered by the beums
as they progrese across the lunar surface. In
the reconsiruction of the temperature vhstribu-
tion from the signal, misalignment of the sean
paths is partiealorly unportant i the
shapes do not have bhroad, flat, well-defined
maxima. A point source passing through iwe
rounded beams at slightly different distances
from the centers will eanre a ialse reconsire-
tion. For the ease of the drift scans, the bewns
are spaced in azimuth, while the moon has an
altitude coroponent. 1o s motion, so that the
beams do not move coiineatly across the di
However, near transit, the altitude comiponent
of the motion is sroall. Therefore, as long as
the beams are congruent by iranslation along
the scan and no point sources are encouniered
by either beam, the trace that would he recorded
by o single hearn ecan be reconstructed.
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JOXPERIMENTAL RESULTS

At the time of observation, the planet Venus
was 2° removed from the moon in the sky aud
was moan excellent posgition v ealibration of
the beam pattern. The planetary semidiameice
was 802 are see. Figore 1 fonr i
curves of Venus taken near transit. The beam
shape, beamnwidth, and spaong of the heawis
were determined {rom the uormoaiized drift
curves. Since the planetary disk is much sinaiier
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than the beam, the curves displayed on Figure
1 represent only a one~dimensional cross seetion
of the pattern. In relating the deflection eaused
by Venus to the deflection caused by the moon,
tiie beam was assumed to be circularly sym-
metric.

Figure 2 shows six ditfereniial drift scans
made aceoss the Junar disk. The variations in
amplitude aud noise level among the drift scans
are partly due to changing the gain of the
electronic systern. The determination of the
Jimb temperature was made by using the pre-

ously measured 22-4 brightness temperature
of 248°K for Venus [Low, 1066]. The ratio of
the Junar-limb deflection to the Venus deflection,
corrected for the size of the planetary disk, was
taken 1o be equal to the ratio of the respective
fiixes in the spectral bandwidth of the instru-
ment. The imar-limb temperature was obtained
iy wsing o plot of brightocss femperatire versus
flux for an effective wavelength of This
(wiaz‘;iqne sombines the efioet of the simosphere
and the fitfer. ¥igure 3 i o dinuram of the moon
:‘{ho\\'ng the purl of 1]

As can be scen from the Venus dnfs ewaves
{INzure 1}, the epaeing hetween
larger than the bemmwidile

22 .

WCED RN ITACOS.
the beams 18
Therefore, the first
8ea3 8 o direct measure of thermaal
Table 1 shows the

part of each

flux from the lunar limd.
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2. Six diffore \..m. u.m cvrves ol the junar
dish taken near teanail, The defleciion eansed by
the cold west Jimb ’ on the lefi of each sean.
Y¥ueh seon cmds on ihe right where the bright
torinaior region pogged the recorder. The gain
of the amplifier vn seans (A0 to {(¢) was 6.3 iimes
vhat on seans (d) io ().
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Fig. 3. Paths of the seans shown in ffigures 2 and 4.

remperature and loeation associated with thie
b deflection of all seaus taken, nehuding
those seans taken ad large hour angles.

'The signia] for sean (b)), the smaliest weasured
lunar limb deflection, is 33 times the rras sky
noise. This ratio increases 1o 82 for a linb temn-
perature of 05°K. The donunant sources of
error lie with the knowledge of the 22-p tenm-
perature of Venus, the efleetive wavelength of
the atmosphere-Glter combinaticrn, and the ecr-
rection for the shape of she besm. The iowad
error for the measurement is ealealated to be
#+3°K at 95°K., Although the tempervature ervor
appears small, it represents an uuceriainty ap-

proaching 205 W the measired Jux, In the
reconsirucsion process, there is an accumulation
of sky noise and digitizing noise along the sean,
hui i e swadi eorapared 1o ihe errers roen-

tioned abuve.

The uucertaintios on the Jast five deflections
[searie () 1o (k)] lsted in Table T will be
somewhat lnrecr, A joes of vacowm in the heliun

) h]

dewar occurred while data were being taken.
An analysis of Veunus defleetions taken after the
vaewunn had oo vestored indicates the systom
nay not have reached equilibrivin before the
e made. An aftempt to correet
‘or this condhtion was made by using Veous




—_— — . ORI - © R B .
33922 MENDELL AND LOW
TABLE 1. Calculated Lizab Temperatures
Joeation

Secan Limb Temp., & Longitude, deg  Latitude, deg Description

(a) a4 42 W* 48 8* . Northk of erater Sehiller

(b) 84 10 W»* 70 S* Southern polar regions

(¢) 100 47 'W» 25 8* West edge of Mare Humorum

(d) 102 52 W 58 Between craters Grimaldi and
Flamsteed

(e) 102 5 W 1N South of crater Relver

) 102 52 W 58 Between craters Grimaldi and
Flamsieed

(&) 105 (10L)F 53 W 28 Between craters Grimaldi and
Flamsteed

(h) 105 (102)1 5 W 4 N South 01 orater Reiner

(i) 99 ( 96)7 b5 W 24 N Weszt of erater Aristarchus

@) 96 ( 94)t 46 W 37T 8 Between orater Schickard and Mare
Humorum

(k) 102 (1007t 47 W 25 8 West edge of Mare humm'um

* Fstimated.

T Best estimate of temperature following system raslfunetion,

deflections taken before and after the lunar
data. The results are the first temperatures
listed for seans (g) to (k). The temperatures
in parentheses are those that wonld be obtained
if the earlier Venus deflection were used. The
better agreement of the numbers in parentheses
with the data of the first few seaus indicates
that the system may have indeed reached egui-
librium and that the problem lay in ceniering
Venus in the beara when the planet had a
large altitude component of drift motion.

Drscussion of REsunrs

Single-beam seans were reeomsiiucted {rom
the differential drift scans shown in Figute )
and ave displayed in Figure 4. Sean (1) passe
aeross an intense point anomaly which is almost
certainly the crater Tyeho, the mosi intense
darkside anomaly [Low and Mendefl, 19887,
The structure on the sean casiward from the
anomaly is unrecoveralle beeause of a slight
deviation of the semsor alicoment fromn the di-
rection of the drift motion. The reconstraction
process generates ‘ghost’ images of the anomaly
along the scan hecause of incomplete canceila-
tion of the positive deflection by the negative
bearn.

Scan (b) in Figure 4 passes through the south
polar regions. The r,lnaU step prior to the termi-
nator represents a contribution from the cusp

as the beam passes niear the The polar

regions might be expected o exhibit the low-

esb temperatures found on the wmoon. Therefore
ihe valye of 84°K for this sean iz somewhat
surprising W view of values <T0°K previously
reporied for this region Dy Low [1665].

The third scau [sean (e)] shows o feature
just off the Yob, The loeation eorvesponds to
Mare Dhovorm, and the ‘enhanceioont 18 ape
proximaately LA This mare is approsbrately
the sume size as a vesolution elemwent, Other-
wige, the trace It essentially leatureless, except
for an inc" s ature just prior fo
At ‘”‘T ()f C‘ "‘Y‘X niator, L{ ¢ :1((“1(«)]‘7 inereas-
g nature of the rvise indicaies that the rise is
due fo the edge of the sensor eucountering the
nearby teominator.

Seans (d}, {e), avd {{} pazsed over similur
areas, cluding the ercier Coperniens, The
WA K vnn.mcomom caused Dy the anomaly
o {e), The general

e In U‘GH
[
ih

is approximalely 20K on sew
tvenrd of the data is o genlie decrease in tem-
peratare to aboul mididie of the disk. The

rachiance level across \mre :w enitails appeats
consrang zmd hat of the wadpoint
nininiim, m: Qvnex al ~mwh re 1 somewhat
obseurad by reconstruction ‘ghosts’ of the Coper-
wicin anoraly appesring i ihe daia. These
rhree traces were wmade ab an mmplifier gain
that was & factor of 6.3 less than that of the
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Fig. 4. Reconstructed single-beam scans across
the lunar disk.

- other three scans. This lower gain reduced the

tail of the sensor pattern and made the termi-
nator a much more distinet feature. Thus the
preterminator enhancement appears to be real
on these scans.

The recorded positions of seans (d) and (f)
were essentially the same. The path follows the
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Fig. 5. A comparison of lunar nighttime in-
frared measurements. The data presented in this
figure by Wildey et al. [1967] were measured over
the same region as covered by scan (d) of this
work.
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border of Mare Serenitatis' and Mare Tran-
quillitatis, where it is known from eclipse data
that a high concentration of anomalies exists.
The collective effect of the hot spots could
account for the enhancement prior to the termi-
nator crossing. However, scan (e) is more
northerly and crosses Mare Serenitatis proper
approximately one-half a beamwidth from the
anomaly grouping. The inference that Mare
Serenitatis is thermally enhanced can only be
regarded as tentative, considering the quality
of the data and the suspicious contiguity of the
enhancement to the terminator. An enhancement
of 2°K for Mare Serenitatis over the tempera-
ture in the mountainous highlands to the west
would require a difference in the thermal pa-
rameter y of approximately 70 em® deg sec'?
cal™, an emissivity difference of approximately
0.1, or a combination of the two effects.
Possible physical explanations for such an in-
crease In y micht be a relative abundance of
meter-sized rocks in the mare or a finer grained
soil with an increased contact conductivity
(D.F. Winter, personal communieation, 1970).

Figure 5 presents the data of scan (d) in
conjunction with the data of other investiga-
tors who scanned off the sunset terminator.
The points attributed to Wildey et al. [1967]
were taken from curves 11 and 12 in Figure 3
of their paper. These curves were selected be-
cause they represent scans taken over much of
the same area as scan (d) of Figure 3. The
data from Muwrray and Wildey [1964] were
shifted five hours toward the terminator, as
suggested by Ingrao et al. [1966]. The ap-
parent continuity of the curve is good.

The heamwidth of the sensor pattern used
in this work is comparable to that of radio
telescopes. The data should be useful in in-:
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Fig. 6. High-resolution (22 are sec) scan across
the 4-day-old moon of April 1, 1968. The scan
path is similar to that of scan (¢) on Figure 3.
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terpreting results at radio wavelengths since

-certain theories of lunar radio-emission make
- explicit use of infrared measurements [ Troitski,

©10954].

High-resolution scans, such as the one in

Tigure 6, have been made by using the differ-

ential technique. However, the reconstruction
process for these traces is extremely sensitive
to the stability of the null signal from the two

" sensors and to the colinearity of the two paths.

Currently, high-resolution, quantitative data on
postmidnight temperatures are difficult to ob-
tain without a general background temperature
map. Further low-resolution scans are planned
to provide this needed information.
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